Results: Mean age and disease duration were 43.1 ± 12.7 and 16.6 ± 9.2 years, respectively.
Introduction
Pattern-recognition receptors (PRRs) are a set of receptors involved in recognition of pathogens in multicellular organisms. Toll-like receptors (TLRs) 1 function as PRRs and play an essential role in the recognition of microbial components and endogenous ligands induced during the inflammatory response. [2] [3] [4] Among the gene polymorphisms of TLR, some of the most widely studied are two co-segregated functional mutations in the extracellular domain of human TLR4, which are located on chromosome 4 and are associated with hyporesponsiveness to bacterial lipopolysaccharides (LPS). 5 Based on its evidence of association with an increased risk of infection by Gramnegative bacteria, 5 such polymorphisms have been evaluated in some inflammatory diseases in which the participation of these microorganisms has been implicated in the etiopathology, such as ankylosing spondylitis (AS).
Based on the premise of subclinical colitis in patients with AS and animal models that demonstrate the participation of an infectious trigger by Gram-negative bacilli 6, 7 modulated by the presentation of the antigen to HLAB27, 8 the aim of the present study was to identify the frequency of TLR4 polymorphisms (Asp299Gly and Thr399IIe) in Brazilian patients with AS and investigate possible associations between these polymorphisms and greater susceptibility to the disease as well as clinical and laboratory aspects of disease activity and chronicity.
The results of the association between TLR polymorphisms and AS have been controversial in some clinical trials, 9 probably because of different population studied. This fact motivates investigation of this association in miscigenated populations, like Brazilian one.
Materials and methods
Two hundred patients with a diagnosis of AS according to the modified New York criteria 10 or axial spondyloarthritis 11 were recruited from the spondyloarthritis clinic of the Rheumatology Sector of the Federal University of Sao Paulo (Brazil) and 200 healthy individuals were selected from among volunteers giving blood at the hospital of the same institution between May 2011 and October 2013. All participants agreed to participate in the study by signing a statement of informed consent (ethics committee number 1804/10).
Demographic and clinical data were collected and specific assessment tools were employed for the characterization of disease activity and severity, such as the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), 12 Ankylosing Spondylitis Disease Activity Score (ASDAS), 13 Bath Ankylosing Spondylitis Functional Index (BASFI), 14 Bath Ankylosing Spondylitis Metrology Index (BASMI) 15 and modified Stoke Ankylosing Spondylitis Spine Score (mSASSS). 16 The analysis of Asp299Gly and Thr399Ile polymorphisms of TLR4 was performed using polymerase chain reaction (PCR) followed by restriction enzyme digestion for each allele (NCOI for 299 and HinfI for 399). 17, 18 GenomicDNA extraction was performed using whole blood collected in ethylenediaminetetraacetate (EDTA) using a DNA extraction kit (DNA NucleoSpin®, Macherey-Nagel). The PCR amplification was performed with 50 ng of the DNA to be studied in a total volume of 20 L containing 0.8 L of potassium chloride 50 mM, 2 L of Tris (pH 8. forward and reverse primers were respectively 5 -GAT TAG CAT  ACT TAG ACT ACT ACC TCC ATG-3 and 5 -GAT CAA CTT CTG  AAA AAG CAT TCC CAC-3 for Asp299Gly and 5 -GGT TGC TGT  TCT CAA AGT GAT TTT GGG AGA A and 5 -CCT GAA GAC TGG  AGA GTG AGT TAA ATG CT-3 for Thr399Ile . Electrophoresis in 2% agarose gel was performed to confirm the DNA amplification.
An aliquot of 5 L with the appropriate restriction enzyme was used for digestion of the PCR product at 37 • C for 2 h. Electrophoresis was performed in 4% agarose gel (Agarose 1000 Invitrogen, Eugene, OR, USA) for identification of the TLR4 alleles. The gel was stained with Sybr Gold (Nucleic acid gel stain, Invitrogen, Eugene, OR, USA) and visualized using the Storm 849 system (Molecular Dynamics, USA). To evaluate the reaction quality (internal control), reactions were performed using primers for ␤-globin for all samples under the same conditions used for the HLA-B27 reactions. The primers for these reactions were PCO4 (5 -CAA CTT CAT CCA CGT TCA CC-3 ) and GH20 (5 -GAA GAG CCA AGG ACA GGT AC-3 ). The PCR products were analyzed through electrophoresis in 1% agarose gel run for one hour at 100 V.
Numerical data were expressed as mean and standard deviation. The Kolmogorov-Smirnov test was used to determine the distribution of the data (normal or non-normal). Either the Mann-Whitney test or Kruskal-Wallis test was used for comparisons among the categorical and numerical data. The chi-square test was used to determine the distribution of the TLR4 polymorphisms between groups as well as for the comparison of the categorical variables. Spearman's correlation coefficients were calculated to determine the strength of correlations among the continuous variables. Bivariate and multivariate logistic regression models were constructed with variables that exhibited significant associations in the previous tests. The IBM SPSS 20 program was used for the statistical analysis, with p-values less than 0.05 considered significant. Table 1 displays the clinical and demographic data of the 200 patients. As expected, the male gender was predominant. Approximately one quarter of the patients had a family history of AS and half the sample reported current or past peripheral involvement. Nearly 40% of the patients had anterior uveitis. The prevalence rates of current smoking and the regular practice of physical exercise were low.
Results
Mean disease activity was high, with significant functional and mobility impairment reflecting the long duration of the disease. More than 60% of the patients made regular use of a non-steroidal anti-inflammatory drug and 35% used a synthetic disease-modifying anti-rheumatic drug. Nearly half the patients used TNF␣ inhibitors, with equal distribution among etanercept, infliximab and adalimumab.
The study of HLA-B27 was performed on 197 (98.5%) patients with AS and 60 (30%) healthy individuals, 66% (n = 130) and 1.6% (n = 1) of whom tested positive, respectively. Extraarticular manifestations were found in 80 patients (40%), the most frequent of which was acute anterior uveitis (n = 74; 37%), followed by circinate balanitis (n = 3; 1.5%), nonspecific colitis (n = 2; 1%) and sterile urethritis (n = 1; 0.5%). No statistically significant differences between the patients and healthy controls were found regarding Asp299Gly and Thr399Ile polymorphisms. Due to the very low number of homozygotes, heterozygous and homozygous patients were included in the same group for the tests. The 299 and 399 polymorphisms were in Hardy-Weinberg (HW) equilibrium in the patients (HW-2 = 0.73, p = 0.39 and HW-2 = 0.22, p = 0.63, respectively) and controls (HW-2 = 0.68, p = 0.41 and HW-2 = 0.26, p = 0.61, respectively), demonstrating the conservation of genotype frequencies across generations (Table 2) . A tendency was found toward a greater frequency of non-cosegregation of the alleles in the control group in comparison to the patients with AS (Table 3) .
For a more detailed analysis, the patients were separated into subgroups based on clinical characteristics. Female patients had a higher body mass index (BMI) as well as higher HAQ-S and ASDAS-Sed. rate scores. Females also had shorter disease duration, lesser severity of sacroiliac involvement as well as lower mSASSS and BASMI scores in comparison to males (Table 3) . After controlling for confounding variables in the logistic regression model, only BMI (p = 0.014) and the BASMI score (p = 0.02) remained significantly associated with gender.
In the logistic regression analysis using positivity for B27 as the dependent variable, significant associations were found for peripheral arthritis (p = 0.039), uveitis (p = 0.033) and the use of TNF␣ inhibitors (p = 0.003) ( Table 4 ). Among the patients positive for HLA-B27, a tendency was found toward a predominance of Caucasians (p = 0.058). Moreover, greater prevalence rates were found in this group regarding anterior uveitis, more severe sacroiliac involvement (Grade IV), longer disease duration and a greater frequency of biological agents (p < 0.05) ( Table 5) .
Patients with the adult form of the disease had higher scores on the BASFI, BASDAI and HAQ-S, were older and had longer disease duration. Those with the juvenile form of the disease more frequent reports of a family history of AS, made more use of sulfasalazine and reported more side effects from TNF␣ inhibitors. However, none of these variables remained statistically significant in the final multiple regression model.
Non-Caucasian patients had a higher BMI and BASMI score in comparison to Caucasian patients (Table 6 ). However, only the BASMI score remained significant in the logistic regression analysis (p = 0.004). The most frequent degree of radiographic sacroiliitis was Grade III (n = 103; 51.8%), followed by Grades IV (40.5%) and II (7.5%). Among the patients on TNF␣ inhibitors, 20 (24.7%) needed to change agents: five (6.2%) due to primary failure (6.2%), six (7.4%) due to secondary failure and 13 (16%) due to adverse events, especially infusion reactions and infection. Moreover, four (2%) of these patients changed TNF␣ inhibitors for more than two agents.
Anterior uveitis was associated with longer disease duration (p = 0.002), but lost its statistical significance in the final model. Hip involvement was associated with chronicity and lower disease activity scores (data not shown). In the final logistic regression model, longer disease duration (p = 0.039), a higher BASFI score (p = 0.027) and a lower BASDAI score (p = 0.024) remained statistically significant.
Patients with longer disease duration had higher mSASSS and BASMI scores as well as a lower ASDAS-Sed. rate score. In the final model, only ASDAS-ESH (p = 0.015) remained significant. Longer symptom duration was correlated with higher BASMI, BASFI, HAQ-S and mSSASS scores as well as a lower BASDAI score. In the final model, BASMI (p < 0.0001) disease activity based on the ASDAS score, the following frequencies were found: 14% (n = 28), 31.5% (n = 63), 37% (n = 74) and 17.5% (n = 35), respectively. The BASDAI score was positively correlated with BASFI, ASDAS-Sed. rate, ASDAS-CRP, Sed. rate, CRP and HAQ-S and negatively correlated with mSSASS. Following the linear multivariate regression, BASDAI remained significantly correlated with BASFI (p = 0.001), HAQ-S (p = 0.047), ASDASSed. rate, ASDAS-CRP and Sed. rate (p < 0.0001), but not CRP (p = 0.247).
Discussion
TLR4 polymorphisms 399 and 299 were not more frequent in Brazilian patients with AS in comparison to the health controls because there were no statistical differences between patient and control groups. The influence of TLR4 polymorphisms in the etiopathogenesis of infections, especially by Gramnegative bacteria, is well known, 19 as such polymorphisms result in a phenotype that is little responsive to endotoxins stemming from the infectious process that cause aberrant transduction of the signal in the presence of microorganisms. However, a number of authors have recently questioned the influence of polymorphisms of this receptor on the progression, severity and outcome of infections, suggesting that factors related to the host are more important than polymorphisms per se. 20, 21 Bacterial or intracellular components can initiate the inflammatory process and trigger sensitization to an endogenous antigen through molecular mimicry, persistently activating adaptive innate immunity and perpetuating the inflammatory process. The trigger may not necessarily be pathogenic, but rather makes of part of the normal resident microbiota and can culminate in the development of diseases, such as AS, in genetically susceptible individuals. 2 There is some evidence of an association between TLR polymorphisms (299 and 399) and AS, 6, 22, 23 but this association has not been confirmed in other studies. [24] [25] [26] The same is true for Asp896Gly. 27 The S180L polymorphism of an adaptor protein of TLR2 and 4 (TIRAP), which has demonstrated to play a protective role against the occurrence of systemic lupus erythematosus, has also demonstrated no association with AS. 28 Kyo et al. found that mutant mice (C3H/Hej) for TLR4 did not develop arthritis after the intra-joint injection of LPS from E. coli, unlike the wild group. 29 This has raised the hypothesis that the mutation in TLR4 may diminish the intensity of the innate immune response, playing a protective role rather than promoting autoimmunity.
The present data show that the 299 and 399 polymorphisms of TLR4 are not genetic factors of greater susceptibility to AS, which is in agreement with a recent meta-analysis involving data compiled from nine studies on this topic. 30 Moreover, it is important to point out that one of the largest genetic studies (The Australo-Anglo-American Spondyloarthritis Consortium), involving more than two thousand patients of European descent with AS, also found no association between TLRs and susceptibility to the disease. 9 According to the authors cited, the main associations occurred with two desert genes (2p15 and 21q22) as well as with IL-23R, IL-1R2, ANTXR2 and ERAP-1.
The expression of TLR4 is related to the interface between the immune system and the environment as well as acute and chronic inflammatory responses in patients with AS, [31] [32] [33] but polymorphisms doesn't seem to be associated with a greater risk of developing the disease. 30 Population-based studies involving healthy individuals indicate heterogeneity in the geographic distribution of these polymorphisms. The frequency ranges from 4 to 10% in Caucasians 34 in the present cohort, while a frequency of 16% is reported among Africans. 35 There are no reports of this polymorphism in Asians. 25 Considering that Brazilian population is highly mixed with multiple ethnic groups, we cannot assure similar results if patients from other parts of the country, particularly no European background, had been included.
One cannot discard the possibility of a weak association that may be representative in a larger sample size than that employed in the present study. However, a study carried out in the United Kingdom involving more than 500 patients with AS also found no association. 6 The same has been true for other ethnicities, such as Hungarian, Finnish, Korean, Canadian and Dutch populations. Another point to consider is the low prevalence of homozygous genotypes for the TLR4 polymorphisms in the present cohort, which is similar to findings described in other populations.
It has been demonstrated that transgenic rats for HLA-B27 do not develop inflammation of the entheses or intestines, although these animals develop genital and skin lesions under sterile conditions, demonstrating the role of infectious agents as an inflammatory trigger. 36 Moreover, the participation of the environment is a determinant in the emergence of the disease, as only two to five percent of the population positive for HLA-B27 develops AS. Based on this fact, the interaction between HLA-B27 and TLR4 polymorphisms was investigated in the present sample, but was not demonstrated, as no significant differences in the polymorphisms were found between the patients and healthy controls. Moreover, the number of patients with polymorphisms was relatively small.
Regarding clinical aspects, males exhibited more severe axial radiographic damage and longer disease duration than females, which is similar to findings reported in another Brazilian cohort 37 as well as in other populations, although with no significant gender difference regarding peripheral involvement. 38 However, these findings should be interpreted with caution, since the only significant differences after controlling for confounding variables, especially disease duration and age, were BASMI score, which was higher among males, and BMI, which was higher among females.
Miscegenation likely contributed to the two peculiarities found in the present sample. The first was the lesser frequency of positivity for HLA-B27 (66%) in comparison to another Brazilian cohort (78.2%) 37 and studies involving Caucasian populations (more than 90%). 39 Fifty-two percent of the present cohort was non-Caucasian, which better reflects the Brazilian population in comparison to previous studies (75.5% Caucasian patients). 37 The second peculiarity was the greater peripheral or mixed involvement, which has also been reported in other mixed-race populations. 39, 40 Among only the Caucasian patients in the present study, the frequency of positivity for HLA-B27 was 75%, which is very close to the frequency reported in a previous Brazilian cohort 39 as well as that reported in a recent French study. 41 The patients with high chronicity index scores generally had lower disease activity index scores, such as the association between hip involvement and both a worse BASFI and lower BASDAI score. Likewise, disease duration was correlated with a lower BASDAI and higher BASMI score. Interestingly, the BASDAI score was correlated with the other activity markers (ASDAS-Sed. rate and CRP) as well as worse functionality, but the correlation with CRP, which is one of the most standardized parameters for studying inflammatory activity in patients with AS, 42 was non-significant.
As expected, the presence of HLA-B27 was significantly associated with extra-articular manifestations (uveitis) 43 and lesser peripheral involvement, but no associations were found with the radiographic score or any specific AS assessment tool, including activity, function and mobility. This finding reflects the more recent knowledge that this genetic aspect is not an associated factor of a poorer prognosis regarding the formation of new bone. 44 The prevalence of the juvenile form (16%) was similar to that found in Caucasians (8.6-21%) Turks (13.4%) and other Brazilian cohort (16%) 45 as well as lower than the rates reported for Mexicans (28-54%) and Koreans (41.3%). 46 The inclusion of these patients did not exert an important impact on the clinical, laboratory and imaging outcomes analyzed, which is in agreement with the notion that this subgroup is part of the same spectrum of the disease. In contrast, some authors report lesser axial involvement and a greater proportion of peripheral involvement, especially the knees, in comparison to onset of the disease after the age of 16 years. 37, 45, 46 The present study has limitations that should be addressed, such as the sample size for studies on gene polymorphisms and the higher proportion of Caucasian individuals in this cohort, what may not reflect Brazilian AS population. Our data suggest that these TLR4 variations are unlikely to play a role in the etiopathogenesis of AS. This finding, however, does not exclude the possibility that functional abnormalities of the TLRs or other molecules closely associated with the TLRs signaling are important in the pathogenesis of spondylarthropathies.
Funding
Supported by a research grant from the Brazilian fostering agency Fundação de Amparo à Pesquisa do Estado de São Paulo (FAPESP 2011/05517-6).
Conflicts of interest
The authors declare no conflicts of interest.
